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[57] ABSTRACT 

An ink jet head having a plurality of ink flow path walls 
forming a plurality of ink pathways by joining said plurality 
of ink ?ow path walls to a substrate for an ink jet head, said 
plurality of ink ?ow path walls being tightly bonded to said 
subsn'ate without being debonded even in the case of con 
tinuously operating the ink jet head over a long period of 
time using highly alkaline ink. The ink jet head includes a 
plurality of discharging outlets serving to discharge ink; a 
substrate for an ink jet head, said substrate including a 
plurality of energy generating elements capable of generat 
ing energy for discharging ink from said plurality of dis 
charging outlets and wiring electrically connected to said 
energy generating elements; and a plurality of ink pathways 
each having an ink ?ow path wall forming one of the ink 
pathways by joining to said substrate. characterized in that 
each of the ink ?ow path walls is constituted by a speci?c 
epoxy resin composition (a) which is in the liquid state at 
room temperature, said epoxy resin composition (a) com 
prising (b) a hardening epoxy resin in the liquid state at room 
temperature as a main component and (c) an epoxy resin 
with a diepoxide structure having a siloxane bond incorpo 
rated into said epoxy resin (b). 

34 Claims, 14 Drawing Sheets 
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INK JET HEAD FREE OF DEBONDING 
BETWEEN A SUBSTRATE AND INK FLOW 

PATH WALLS FORMED ON SAID 
SUBSTRATE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an improvement in an ink 

jet head for discharging ink which is applied to an ink jet 
system. More particularly. the present invention relates to an 
improved ink jet head free of debonding between a substrate 
for an ink jet head and ink ?ow path walls formed on said 
substrate. The present invention includes an ink jet apparatus 
which is provided with said ink jet head. 

2. Description of Related Background Art 
In recent years. progressively increasing attention has 

been paid to an ink jet system for conducting printing on a 
printing medium by discharging ink droplets towards said 
printing medium. since it can provide high speed. high 
density and high de?nition printing of a high quality with 
low noise and is suitable for color printing and also for 
compact designing. 
An ink jet head which serves as a mechanism for dis 

charging ink in such ink jet system is the most important 
factor in the ink jet system. The ink jet head has an 
extremely precise structure. Description will be made of 
such ink jet head with reference to FIG. 4. FIG. 4 is a 
schematically exploded view illustrating an example of the 
construction of the ink jet head. 

In FIG. 4. reference numeral 101 indicates a silicon 
substrate for an ink jet head. having an electrothermal 
converting element as a discharging energy-generating ele 
ment including head generating resistors 103 and wiring 102 
for said heat generating resistors formed on said silicon 
substrate by means of the thin-?lm forming technique. On 
the silicon substrate 101 having the electrothennal convert 
ing element thereon. there is disposed an ink ?ow path wall 
made of a photosensitive resin or the like. forming ink 
pathway walls 104a and a common ink chamber wall l04b. 
Reference numeral 105 indicates a top plate joined onto the 
ink?ow path wall 104 such that it covers concavities formed 
by the ink ?ow path wall 104 to form ink pathways 108a and 
a common ink chamber 108b. Each ink pathway 108a 
contains the above-described heat generating resistor 103 
positioned therein. Reference numeral 109 indicates an ink 
discharging outlet positioned at an end portion of the silicon 
substrate which communicates with the ink pathway 108a. 
Reference numeral 107 indicates a common ink supply port 
disposed at the top plate 105. The common ink supply port 
107 is covered by a ?lter 106 for ink which is ?xed to the 
top plate 107. 
There are various proposals for the process of producing 

an ink jet head of the construction above described. US. Pat. 
No. 4.657.631 describes a typical process for producing 
such an ink jet head. 
The process described in this patent document will be 

described with reference to FIG. 1. 
The process for producing an ink jet head according to the 

above patent document comprises the following six steps: 
step 1 (see. FIG. 1(a)) wherein a substrate 1 for an ink jet 

head which is provided with an energy generating element 
serving for discharging ink is provided. and a photosensitive 
resin layer 2 (comprising a positive type photoresist) is 
formed on the substrate 1; 

step 2 (see. FIG. 1(b)) wherein the photosensitive resin 
layer 2 formed in step 1 is subjected to light exposure 
through a patterning mask; 
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2 
step 3 (see. FIG. 1(a)) wherein the photosensitive resin 

layer 2 having been subjected to light exposure in step 2 is 
patterned by way of subjecting said resin layer. whereby a 
plurality of relief solid layers 4 (that is. a plurality of relief 
patterns) are formed at respective positions on the substrate 
1 where ink ?ow paths are to to be formed; 

step 4 (see. FIG. 1(d)) wherein a ink ?ow path wall 
forming material 5 comprising a hardening resin is disposed 
to cover the relief solid layers 4 formed in step 3; 

step 5 (see. FIG. 1(e)) wherein the hardening resin is 
hardened; and 

step 6 (see, FIG. l(f)) wherein the relief solid layers 4 are 
removed by way of dissolving them using an appropriate 
organic solvent such as halogen-containing hydrocarbon, 
ketone. ester. or alcohol or an aqueous alkali solution of 
potassium hydroxide or the like; whereby an inkjet head is 
completed 

In the above-described process for producing an ink jet 
head. there is usually used a hardening resin as the ink ?ow 
path wall-forming material 5 as above described. However. 
a problem arises in this case in that a cure shrinkage is liable 
to occur upon hardening of the hardening resin. wherein 
shrinkage stress is unavoidable. Also. such hardening resin 
is somewhat swollen when contacted with ink. This swelling 
of the hardening resin provides a stress in accordance with 
a change in the environmental temperature. particularly 
upon operating the ink jet head. 

In the case of an ink jet head having ink ?ow path walls 
comprised of the hardening resin. debonding is liable to 
occur between the ink ?ow path walls and the substrate 
when the ink jet head is repeatedly used. because of the 
above described stress. This debonding entails a loss in the 
discharging energy to the ink pathways. wherein in the worst 
case. the discharging energy becomes insufficient such that 
no ink is discharged from a discharging ou?et. Therefore. in 
the production of an ink jet head. an appropriate ink ?ow 
path wall-forming material is selectively used in order to 
prevent in the ink ?ow path Walls from being debonded from 
the substrate. 

In order that the ink ?ow path walls are prevented from 
being debonded from the substrate, there is known a method 
wherein wherein the ink ?ow path walls are formed with the 
use of an ink path wall-fonning material having a reduced 
elasticity modulus so that they can absorb the foregoing 
stress provided in accordance with the change in the envi 
ronmental temperature and another method wherein the ink 
?ow path walls are formed with the use of an ink path 
wall-forming material which is slightly swollen with ink so 
that they slightly provide such stress due to a change in the 
environmental temperature. However. neither of these two 
methods is su?iciently effective in practice. That is. such ink 
?ow path wall-forming material having a reduced elasticity 
modulus is relatively large in terms of the swelling magni 
tude to ink and because of this. the ink ?ow path walls in 
accordance with either of the two methods are insu?‘icient in 
terms of their stress absorbing efficiency. 

Thus. it is necessary for the ink ?ow path walls to be 
formed of a speci?c hardening resin having a relevant 
elasticity modulus while satisfying conditions relating to the 
swelling property to ink and the stress absorbing e?iciency. 
Now. the swelling property of the ink ?ow path wall 

forrning material to ink can be referred to as “ink resis 
tance”. An ink ?ow path wall-forming material having a 
high swelling property to ink. can be considered to be low 
in ink resistance. 0n the other hand. an ink ?ow path 
wall-forming material having a low swelling property to ink 
can be considered to be high in ink resistance. 
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As described above (see. FIG. 1(d)). the ink ?ow path 
wall-forming material is applied to cover the relief solid 
layers (that is. the relief patterns). for example. by means of 
a dispenser. In the case where a plurality of ink pathways are 
intended to be arranged at an increased density. it is neces 
sary for the relief patterns to be miniaturized in order to 
attain this purpose. In this case. the ink ?ow path wall 
forming material is required to be of a low viscosity so that 
it can suf?ciently get into spaces among those miniaturized 
relief patterns. The use of an ink ?ow path wall-forming 
material having a low viscosity in this case is advantageous 
in that air bubbles are rarely taken in upon the application of 
thereof. However. the relief patterns (that is. the relief solid 
layers). which serve to form a plurality of ink pathways. are 
usually formed of a positive type photoresist as described 
above. Thus. in the case where the ink flow path wall 
forrning material contains an organic solvent, the shapes of 
the relief solid layers are liable to be deformed because of 
the organic solvent, wherein precise ink pathways cannot be 
formed. Therefore, in order for the ink ?ow path wall 
forming material to have a desired viscosity. it is desired to 
use an appropriate solvent-free material in the liquid state at 
room temperature and which has a low viscosity and is 
capable of serving as the ink ?ow path wall-forming mate 
rial. 

In the prior art. epoxy resin has been used as the ink ?ow 
path wall-forming material since it has excellent ink resis 
tance and in the liquid state at room temperature. The epoxy 
resin is corresponding to the foregoing ink ?ow path wall 
forming material has excellent ink resistance but has a high 
elasticity modulus. In the case of an ink jet head having a 
plurality of ink ?ow path walls formed of epoxy resin. there 
is a problem in that the ink ?ow path walls are sometimes 
debonded from the substrate. Particularly. in the case of 
producing an ink jet head in which a plurality of energy 
generating elements are arranged at an increased density. the 
interval between each adjacent energy generating element is 
remarkably shortened and because of this. the width of each 
ink ?ow path wall comprised of epoxy resin is necessary to 
be thinned accordingly. In this case. there is a problem in 
that because the area of each ink ?ow path wall to be 
contacted with the substrate eventually becomes small. a 
su?icient adhesion is di?icult to maintain between the ink 
?ow path wall and the substrate. In addition to this. another 
problem is in that because the epoxy resin has a high 
elasticity modulus, a shrinkage stress eifected upon harden 
ing it cannot be su?iciently absorbed, often resulting deb 
onding between the ink ?ow path walls and the substrate. 

In order that the epoxy resin can absorb the foregoing 
shrinkage stress. the epoxy resin must be modi?ed such that 
it has a reduced elasticity modulus. For this purpose. there 
can be considered a method wherein the epoxy resin is 
replaced by a silicone-modi?ed epoxy resin. However. the 
silicone-modi?ed epoxy resin is remarkably low in elasticity 
modulus and because of this. there cannot be attained the 
desired bonding strength required for the ink ?ow path 
wall-forming material. In addition to this. the silicone 
modi?ed epoxy resin is insufficient in terms of mechanical 
strength. In this connection, silicone-modi?ed epoxy resin 
has never been used as a constituent material of an ink jet 
head. In order for the epoxy resin to have a reduced elasticity 
modulus, an appropriate ?exibilizer is usually incorporated 
thereinto. 

In the ink jet system ?eld in recent years. there have been 
used as the printing medium various printing members such 
as plastic sheets. fabrics and the like other than paper. Along 
with this. there is an increased demand for improving ink to 
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4 
be used in the ink jet system in terms of its color develop 
ment and water resistance. In order to meet this demand. 
there is often used ink containing a slightly water-soluble 
dye orland a pigment which is low in dispersion stability 
instead of ordinary ink 

However. full use of such dye and pigment cannot be 
attained in the case where an ordinary solvent is used. In 
order to solve this problem. there is a proposal of incorpo 
rating an alkali salt such as lithium hydroxide into the 
solvent to heighten the pH value of the ink (that is. to make 
the ink highly alkaline) whereby making full use of such dye 
and pigment. 
The results of experimental studies by the present inven 

tors revealed that a conventional ink jet head having a 
plurality of ink ?ow path walls formed of an epoxy resin 
containing a ?exibilizer is liable to provide prints accom 
panied by defects when it is operated using highly alkaline 
ink over a long period of time and wherein debonding is 
liable to occur between the ink ?ow path walls and the 
substrate. This situation will be detailed later. 

SUMlVIARY OF THE INVENTION 

The present invention is aimed at resolving the foregoing 
problems found in the conventional ink jet head and pro 
viding an improved ink jet head capable of continuously 
performing stable ink discharge over a long period of time 
even in the case wherein highly alkaline ink is used. 

Another object of the present invention is to provide an 
improved ink jet head having a plurality of ink ?ow path 
walls having excellent ink resistance and which are not 
debonded from the substrate even when continuously used 
over a long period of time using highly alkaline ink. 
A further object of the present invention is to provide an 

improved. elongated ink jet head having a number of highly 
precise ink pathways arranged at an increased arrangement 
density. 
A further object of the present invention is to provide a 

highly reliable ink jet head which can be e?iciently produced 
at a reduced production cost. 

An ink jet head according to the present invention which 
attains the above objects includes: a plurality of discharging 
outlets serving to discharge ink (that is. a plurality of ink 
discharging outlets); a substrate for an ink jet recording head 
including a plurality of energy generating elements capable 
of generating energy for discharging ink from said ink 
discharging outlets and wiring electrically connected to said 
energy generating elements; and a plurality of ink pathways 
each having an ink ?ow path wall forming one of the ink 
pathways by joining to said substrate. characterized in that 
each of the ink ?ow path walls is constituted by a speci?c 
epoxy resin composition which is in the liquid state at room 
temperature. said epoxy resin composition comprising (a) a 
hardening epoxy resin in the solid state at room temperature 
as a main component and (b) an epoxy resin with a diep 
oxide structure having a siloxane bond (this latter epoxy 
resin will be hereinafter referred to as diepoxide strucmre 
possessing epoxy resin) incorporated into said epoxy resin 
(a). 

BRIEF DESCRIPTION OF THE DRAWINGS 

PIGS. 1(a). 1(b). 1(c). 1(d). 1(e) and 1(;‘) are schematic 
views for explaining the process of producing a conven 
tional ink jet head. 

FIGS. 2(a)-1. 2(a)-2. 2(b)-l. 2(b)-2. 2(c)-1. 2(c)-2. 2(d)-1. 
2(d)-2. 2(e)—1. 2(e)-2. 2(f)-1. 2(f)-2. 2(g)-1. 2(g)-2. 2(h)-1. 
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2(h)-2. 2(i)-1, 2(i)-2, 2(j)-1, 2(j)-2 are schematic views for 
explaining a process for producing an ink jet head according 
to the present invention. 

FIG. 3(a) is a schematic cross-sectional view of a dis 
charging outlet portion of an ink jet head produced in each 
of Examples 1 and 2 which will be later described. 

FIG. 3(b) is a schematic cross-sectional view of a dis 
charging outlet portion of an ink jet head produced in each 
of Comparative Examples 1 and 2 which will be later 
described. 

FIG. 4 is a schematically exploded view illustrating an 
example of the constitution of a conventional ink jet head. 

FIG. 5 is a schematic diagram of an ink jet apparatus in 
which an ink jet head according to the present invention can 
be installed. 

DESCRIPTION OF THE INVENTION AND THE 
PREFERRED EMBODIMENTS 

The present inventors made extensive studies in order to 
solve the foregoing problems in the prior art and in order to 
attain the foregoing objects. 

That is. the present inventors prepared a plurality of 
conventional ink jet heads having a plurality of ink ?ow path 
walls formed of a resin composition comprising epoxy resin 
incorporated with a ?exibilizer. 
As for some of the ink jet heads. examination was made 

of their ink jet printing performance by continuously oper 
ating the inkjet head over a long period using ordinary ink. 
As for the remaining ink jet heads. examination was made 

of their ink jet printing performance by continuously oper 
ating the ink jet head over a long period using highly 
alkaline ink containing a slightly water-soluble dye. a pig 
ment and an alkali salt. 

In the case where the ordinary ink was used. each of the 
ink jet heads used was found to perform desirable printing 
over a long period of time. 

However. in the case where the highly alkaline ink was 
used, each of the ink jet heads used was found to some?mes 
provide prints accompanied by defects after repeated use 
over a long period of time. As for each of the ink jet heads 
repeatedly operated over a long period of time using the 
highly alkaline ink. observation was made through its dis 
charging outlet side. As a result, there was found occurrence 
of a debonding between the ink ?ow path walls and the 
substrate for each of the ink jet heads. 
Based on the results obtained. the reason why the deb 

onding occrn‘red between the ink ?ow path walls and the 
substrate in the case using the highly alkaline ink is con 
sidered to be the constituent resin of the ink ?ow path walls 
which is poor in resistance to the highly alkaline ink. 
Now. as described above. the epoxy resin as the main 

constituent of the resin composition by which the ink ?ow 
path walls are constituted has excellent ink resistance. 
Therefore, it is considered that the debonding of the ink ?ow 
path walls from the substrate is chie?y due to the ?exibilizer 
contained in the resin composition. 

In view of this. the present inventors made studies in order 
to ?nd an appropriate material capable of serving to reduce 
the elasticity modulus of the epoxy resin in the liquid state 
at room temperature which is conventionally used as the 
constituent material of the ink ?ow path walls in a conven 
tional ink jet head, instead of the ?exibilizer. As a result, it 
was found that when a given amount of an epoxy resin with 
a diepoxide structure having a siloxane bond (this epoxy 
resin will be hereinafter referred to as “siloxane bond 
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6 
possessing epoxy resin”) is incorporated into a hardening 
epoxy resin in the liquid state at room temperature. there is 
provided a desirable resin composition in which the elastic 
ity modulus of the hardening epoxy resin is reduced as 
desired and that the resin composition enables formation of 
desirable ink?ow path walls which have excellent resistance 
to not only the ordinary ink but also the foregoing highly 
alkaline ink. 
The present invention has been accomplished based on 

these ?ndings. 
The present invention provides an ink jet head including: 

a plurality of discharging outlets serving to discharge ink 
(hereinafter referred to as ink discharging outlets); a sub 
strate for an ink jet recording head including a plurality of 
energy generating elements capable of generating energy for 
discharging ink from said ink discharging outlets and wiring 
electrically connected to said energy generating elements; 
and a plurality of ink pathways each having an ink ?ow path 
wall forming one of the ink pathways by joining to said 
substrate. characterized in that each of the ink ?ow path 
walls is constituted by (a) a specific epoxy resin composition 
comprising (b) a hardening epoxy resin in the liquid state at 
room temperature as a main component and (c) a siloxane 
bond possessing epoxy resin (that is. an epoxy resin with a 
diepoxide structure having a siloxane bond) in a given 
amount. The epoxy resin composition will be hereinafter 
occasionally referred to as “ink ?ow path Wall-forming 
material”. 
The ink ?ow path walls formed of the above described 

speci?c resin composition (a) are apparently superior to the 
conventional ink ?ow path walls comprised of the epoxy 
resin incorporated with a ?exibilizer especially in terms of 
their resistance to not only the ordinary ink but also highly 
alkaline ink Further, the speci?c resin composition (a) 
enables formation of highly precise ink pathways which are 
superior to ink pathways formed of the epoxy resin incor 
porated with the ?exibilizer. Particularly. the use of the 
siloxane bond possessing epoxy resin (c) in an amount 
equivalent to that of the ?exibilizer incorporated into the 
epoxy resin reduces the viscosity of the ink ?ow path 
wall-forming material (that is. the resin composition (a)) to 
a value corresponding to 1/10 of that of the epoxy resin 
incorporated with the ?exibilizer, and no air bubbles are 
taken into the resin composition (a) as the ink ?ow path 
wall-forming material upon the application thereof at the 
time of forming ink ?ow path walls. This situation makes it 

I possible to form highly precise ink ?ow path walls without 
conducting deaeration. 
As described above. the ink ?ow path wall-forming 

material according to the present invention comprise the 
foregoing speci?c resin composition (a) (comprising a hard 
ening epoxy resin (b) in the liquid state at room temperature 
as a main component and a siloxane bond possessing epoxy 
resin (c)). The resin composition (a) contains a curing agent 
or/and a polymerization initiator. If necessary. the resin 
composition (a) may contain a silane coupling agent capable 
of improving the adhesion of die resin composition. 
The hardening epoxy resin (b) in the liquid state at room 

temperature as the main component of the resin composition 
(a) means a hardening epoxy resin having a viscosity of 10 
to 100.000 cps at room temperature (25° C.). Thus. the 
hardening epoxy resin (b) can include hardening epoxy 
resins in the semisolid state at room temperature. 

As the hardening epoxy resin (b). any known hardening 
epoxy resins may be used as long as they have two or more 
epoxy groups in one molecule and are in the liquid state or 
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the semisolid state at room temperature. Of these hardening 
epoxy resins. from the viewpoint of ink resistance. those 
having a molecular weight of 300 or more are the most 
desirable. 

Speci?c examples of the hardening epoxy resin (b) are 
bisphenol A type epoxy resins. bisphenol F type epoxy 
resins, bisphenol AD type epoxy resins. bisphenol AF type 
epoxy resins. and novolak type epoxy resins. These resins 
may be used either singly or in a combination of two or more 
of them. 

The siloxane bond possessing epoxy resin (c) (that is. the 
epoxy resin with a diepoxide structure having a siloxane 
bond) used in the present invention may be epoxy resins 
obtained by a method of reacting an appropriate compound 
having a Si-OH bond with epichlorohydrin in an alkaline 
aqueous solution or another method of subjecting dimethyl 
polysiloxane having a Si-H group and an unsaturated epoxy 
compound such as acrylic glycidyl ether or vinylcyclohex 
ane oxide to addition condensation in the presence of a 
platinum catalyst. It is possible to use any commercially 
available epoxy resins having a diepoxide structure with a 
siloxane bond such as 1.3-bis(3-glycidoxypropyl) tetram 
ethyldisiloxane (trade name: B2405. produced by Chisso 
Kabushiki Kaisha). 
Those siloxane bond possessing epoxy resins having an 

excessively high molecular weight are not usable in the 
present invention because they are relatively high in viscos 
ity and are low in ink resistance. And those silane bond 
possessing epoxy resins having an excessively small 
molecular weight are not usable in the present invention 
because they are of a low boiling point and cannot be stably 
maintained in the liquid state at room temperature. 

Speci?c examples of the siloxane bond possessing epoxy 
resin (c) desirably usable in the present invention are those 
having the following structural formula (I) or (II). 

(wherein, each of R1 to R4 is an alkyl group of 1 to 4 
carbon atoms. an alkenyl group of 2 to 6 carbon atoms. a 
phenyl group, or a substituted aromatic group wherein R1 to 
R4 may be the same or different from each other; each of RS 
and R6 is an alkylcne group of l to 8 carbon atoms. or a 
phenylene group wherein R5 and R6 may be the same or 
di?’erent from the each; n is an integer of 1 to 1000.) 
The following describes an example of the production of 

an epoxy resin (c) having a diepoxide structure with a 
siloxane bond. 

Firstly, there is provided a reaction vessel equipped with 
an agitator, a temperature gauge. a dropping funnel and a 
device capable of condensing and separating an azeotropic 
mixture of epichlorohydrin and water and returning an 
epichlorohydrin phase to the reaction vessel. Into the reac 
tion vessel. a given amount of 1.1.3.3-tetramethyl-l3 
diethoxydisilazane and a given amount of epichlorohydrin 
are introduced and the resultant mixture is circulated while 
stirring the mixture and while maintaining the mixture at a 
desired temperature. A given amount of an aqueous solution 
of NaOH is then dropwise added while maintaining the 
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contents at a desired temperature. Then. of the water and 
epichlorohydrin distilled. only the epichlorohydrin phase is 
returned to the reaction vessel. After the addition of the 
NaOH aqueous solution has been completed. the excess 
epichlorohydrin is recovered. Thereafter a given amount of 
toluene is added. followed by washing with water. wherein 
any salt and the residual alkali are removed. The resultant is 
subjected to treatment under reduced pressure while heating. 
wherein the toluene and a by-product (ethylglycidyl ether) 
are removed. Thus. there is obtained a product comprising 
an epoxy resin having a diepoxide structure with a siloxane 
bond (1.1.3.3-tetramethyl-l. 3-diglycidyletherdisiloxane). 
The resin composition (a) (comprising the hardening 

epoxy resin (b) in the liquid state at room temperature as a 
main component and the siloxane bond possessing epoxy 
resin (c)) as the ink ?owpath wall-forming material in the 
present invention is desired to contain the siloxane bond 
possessing epoxy resin (c) in an amount of 10 to 40 wt. % 
versus the total amount of the hardening epoxy resin (b) and 
the siloxane bond possessing epoxy resin (c). In the case 
where the amount of the siloxane bond possessing epoxy 
resin (c) is less than 10 wt. %. the ink flow path wall-forming 
material has a relatively high elasticity modulus. and 
because of this. the ink ?ow path wall-forming material 
cannot su?iciently absorb a shrinkage stress caused upon 
forming ink ?ow path walls. In an ink jet head having the 
resulting ink ?ow path walls thus formed. debonding is 
liable to occur at the interface between the ink ?ow path 
Walls and the substrate when the inkjet head is continuously 
operated over a long period of time using the foregoing 
highly alkaline ink. On the other hand. in the case where the 
amount of the siloxane bond possessing epoxy resin (c) 
exceeds 40 wt. %. it takes a remarkable period of time until 
the ink ?ow path wall-forming material is hardened upon 
forming ink ?ow path walls. wherein a desired yield cannot 
be attained. In addition to this. the ink ?ow path walls 
formed of this ink ?ow path wall-forming material are 
insu?icient in terms of their mechanical strength. Therefore. 
this ink ?ow path wall-fonning material is not practically 
usable in the production of a desirable ink jet head. 
As the curing agent usable in the present invention. any of 

the conventional curing agents usually used in curing an 
epoxy resin may be used. These curing agents include amine 
series curing agents capable of causing curing at room 
temperature. Speci?c examples of such amine series curing 
agents are a commercially available modi?ed aromatic 
amine series curing agent (trademark name: Fujicure FXK 
830. produced by Fujikasei Kogyo Kabushilci Kaisha) and a 
commercially available modi?ed aliphatic amine series cur 
ing agent (trademark name: Epomic Q614. produced by 
Mitsui Petrochemical Industries. Ltd). 
The resin composition (a) (comprising the hardening 

epoxy resin (b) in the liquid state at room temperature as a 
main component and the siloxane bond possessing epoxy 
resin (0)) used as the ink ?ow path wall-forming material in 
the present invention may be of a thermohardening type or 
a photo-hardening type. The resin composition (a) may be 
made of a photo-hardening type by incorporating an appro 
priate photo-curing agent into the resin composition. 
As such photo-curing agent. there can be mentioned 

cationic polymerized compounds which do not suifer from 
polymerization hindrance due to oxygen. provide a slight 
cure shrinkage. provide an excellent adhesion and bonding 
property. and are excellent in heat resistance and resistance 
to chemicals. A preferred example of such cationic poly 
merized compound is the commercially available Adeka 
Optomer SP-l70 (trademark name. produced by Asahi 
Denka Kogyo Kabushild Kaisha). 



5,663,752 

The resin composition (a) as the ink ?ow path wall 
fonning material is desired to contain a silane coupling 
agent. The resin composition (a) containing a silane cou 
pling agent provides improved adhesion and reduced thixo 
tropic property and is free of the problem of taking in air 
bubble upon application onto a substrate. In addition, it 
exhibits a reduced viscosity. However. the silane coupling 
agent is compatible with a positive type photoresist. and 
because of this. an excessive amount of the silane coupling 
agent should not be incorporated into the resin composition 
(a). In addition to this. there is a tendency for the compo 
sition (a) to have decreased ink resistance as the amount of 
the silane coupling agent to be incorporated into the resin 
composition (a) is increased. In view of this. it is desired for 
the amount of the silane coupling agent to be incorporated 
into the resin composition (a) to be in the range of l to 10 
parts by weight versus the amount of the resin composition 
(a). 
As the silane coupling agent, it is desired to use epoxy 

series silane coupling agents. from the viewpoint of their 
compatibility with the resin composition (a). In the case 
where the resin composition (a) contains an amine series 
therrnohardening agent. it is desired to use an amine series 
silane coupling agent. 

In the following. description will be made of the process 
of producing an ink jet head according to the present 
invention. 

FIGS. 2(a)-1 through 2(i)-2 are schematic views for 
explaining a process for producing an ink jet head according 
to the present invention. 

FIGS. 2(a)-1, 2(b)-1. 2(c)-1. 2(d)-1, 2(e)-1. 2(f)-1. 2(g)-1, 
2(h)-1, 2(i)-1. and 2(i)-1 are schematic views of products 
obtained in the respective steps of the production of an ink 
jet head when viewed from the discharging outlet side. 

2(a)-2, 2(b)-2. 2(c)-2, 2(d)-2. 2(e)-2. 2(f)-2, 2(g)-2. 2(h) 
-2. 2(i)-2. and 2(j)-2 are schematic slant views of the 
respective products shown in FIGS. 2(a) through 20'). 

In this production example, there is described an ink jet 
head having three ori?ces. This is only for simpli?cation 
purposes. It is a matter of course that the number of the 
ori?ces may be properly changed depending upon the kind 
of an ink jet head to be produced. 

In each ?gure, reference nlnneral 1 indicates a base 
member made of a material selected from the group con 
sisting of silicon wafer. metals, glass, ceramics. and plastics. 
Now, on the base member 1, there are disposed a desired 

number of energy generating elements for generating energy 
for discharging printing liquid (this energy generating ele 
ment will be hereinafter referred to as liquid discharging 
energy generating element) such as an electrotherrnal con 
verting element or piezoelectric element. In FIGS. 2(a)-1 
and 2(a‘)-2. reference number 14 indicates an electrothermal 
converting element disposed on the base member 1. The 
electrothermal converting element 14 may be formed by a 
conventional thin ?lm-forming technique employed in the 
semiconductor ?eld. Particularly, the formation of the elec 
trothermal converting element may be conducted. for 
example. in the following manner. That is, a heat generating 
resistor layer 11 comprised of, for example. HfBz. TaN. or 
Ta2O5 is formed on the base member 1 by means of the 
sputtering or CV D process. followed by forming an elec 
trode layer 12 comprised of. for example. Al on the heat 
generating resistor layer 11 by means of the sputtering. CVD 
or evaporation process. Thereafter. only the electrode layer 
12 is patterned into such an electrode pattern as shown in 
FIG. 2(a')-2 by means of a photolithography technique. 
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10 
Then, the heat generating resistor layer 11 is patterned into 
such a pattern as shown in FIG. 2(a')-2 by means of a 
photolithography technique. By this, the formation of the 
electrotherrnal converting element 14 is completed Herein, 
an exposed portion of the heat generating resistor layer 11 
which is not covered by the electrode layer 12 corresponds 
to an exothermic portion (a heat generating portion) 13. 
The liquid discharging energy generating element serves 

to generate energy for discharging ink droplets thereby 
performing printing. In the case where the electrothermal 
converting element is used as the liquid discharging energy 
generating element, the electrothermal converting element 
serves to heat ink present in the vicinity thereof to cause a 
state change of volume expansion for the ink, resulting in 
discharging ink. On the other hand, in the case where the 
piezoelectric element is used as the liquid discharging 
energy generating element, ink discharging is conducted by 
virtue of a mechanical vibration caused by the piezoelectric 
element. In any case. wiring is electrically connected to each 
of these discharging energy generating elements (not shown 
in the ?gures). As for any of these discharging energy 
generating elements. in order to improve their durability, 
various functional layers including a protective layer are 
usually disposed thereon. In the present invention. these 
functional layers may be disposed. 

After the foregoing step (see. FIGS. 2(a)-1 and 2(a')-2. a 
photosensitive resin layer 2 comprised of a positive type 
photoresist is disposed on the base member 1 so as to cover 
the liquid discharging energy generating elements disposed 
on the base member 1 (see. FIGS. 2(b) and 2(b')-2. This step 
shown in FIGS. 2(b)-1 and 2(b')-2, will be hereinafter 
referred to as the second step. 

In a preferred embodiment, the photosensitive resin layer 
2 is formed of a positive type photoresist capable of being 
resolved and removed in a later treatment. Speci?c examples 
of such photoresist are naphthoquinone series positive type 
photoresists. positive type photoresists of the chemical 
ampli?cation type, and positive type photoresists of the 
backbone chain decomposition type. 
The formation of the photosensitive resin layer 2 may be 

conducted by means of a spin coating or roll coating 
technique. Other than this. it may be conducted by a method 
of providing a dry ?lm of any of the foregoing positive type 
photoresist and laminating the dry ?lm on the base member 
1. 

In a third step (see, FIGS. 2(c)-1 and 2(c')-2. the photo 
sensitive resin layer side of the stacked body obtained in the 
second step is subjected to light exposure through a pattern 
ing mask is for forming ink pathway-forming portions. 

FIGS. 2(d)-1 and 2(d)-2 are schematic views illustrating 
the resultant obtained in this step in which portions 2' of the 
photosensitive resin layer 2 have been solubilized as a result 
of the light exposure. 

In a fourth step (see. FIGS. 2(e)-1 and 2(e')-2. the light 
exposed portions 2' of the photosensitive resin layer 2 are 
subjected to development with an appropriate solvent such 
an alkali solution. thereby forming a solid layer 4 (that is, a 
resist pattern) which serves to form ink pathways. 
The shapes of the ink pathways may be properly designed 

as desired by using. as the patterning mask 3. a patterning 
mask having a desired pattern capable of contributing to the 
formation such ink pathways. In this case, the resulting solid 
layer eventually acquires a pattern capable of providing such 
ink pathways having a desired shape. 

In this embodiment. as is apparent from the ?gures, there 
are described three liquid discharging energy generating 
































